We investigated the electronic structure and the properties of cupper (Cu) and compound semiconductor (Cu 2 O) by with the help of computer simulation of the programs developed by us and obtaining various morphologies and properties of Cu nanostructures by the method of template synthesis, including the study of the direction of formation processes and the practical application of ion tracks. In calculations of the computer simulation programs developed by us, the general and area-predicted density of states and the band dispersion of optimized crystal structures with different structural units (Cu) n (n = 6, 12) and (Cu 2 O) n (n = 16, 23) were described. Accordingly, this leads to the prediction that (Cu) n at n = 12 and (Cu 2 O) n at n = 23 take a high electron density, and that the energy maximum points arise where there is a low electron density and, conversely, for electron energy minima, the electron density is high. The maxima of the level energy n = 2 for (Cu) n and (Cu 2 O) n , the corresponding electron densities also reached their maximums, but these values of the metallic and semiconductor junctions, respectively, were sharply different in value when compared with each other. This indicates that the changes in the electronic states were due mainly to the replacement of the oxygen atom and subsequent modification of the crystalline field.
Introduction
The production of metallic and semiconductor nanotubes by various methods is becoming increasingly important. Modern methods used to design ultra-thin tubes include: spin coating and Р е п о з и т о р и й К а р Г У injection molding, thermal deposition, step-by-step assembly, chemical self-assembly, various computer simulation techniques. Of particular importance is the computer simulation of various nanostructures, on which the greater part of the technology for obtaining nanocrystalline materials depends. At the same time, it should be noted that the structure and properties of nanocrystalline materials in computer simulation depend on different sets of given initial modeling parameters.
The study of the structures and geometry of neutral and charged atomic clusters uses different methods: the non-empirical Hartree-Fock method (HF) and the second-order Möller-Plesset method. To study the dependence of the composition on the physical properties of small and medium clusters, a combination of the first principles of computing electronic structures and semiempirical methods is used. The process of cluster formation in a nanostructure is accompanied by a discontinuity of symmetry, which can be identified according to the specific structure of the cluster [1] . For clusters of several atoms (~5) molecular dynamics based on semi-empirical methods (MOPAC PM3) was used before the quantum-mechanical calculation.
Semiconductor crystal calculations are carried out using the projector method of the coupled wave of the plane wave pseudopotential and the generalized gradient approximation (GGA) for the exchange-correlation energy. Geometric optimization and preliminary calculations are performed using the GAUSSIAN package of various versions with a basic function set and the core electronic effective core potential (EPO) ECP10MDF35 [2] [3] [4] [5] [6] [7] [8] .
As shown by the analysis of literature data, a so-called template synthesis, which includes the direction of studying the processes of formation and practical application of ion tracks, is assigned a special place among the methods currently being developed among methods of obtaining various morphologies and properties of nanostructures in solids. This technique is based on a unique phenomenon when high-energy heavy ions induce a very narrow latent track containing a highly disordered zone with a diameter of about 5-10 nm [9] [10] [11] [12] .
Materials and method
In the calculation method used, the results are shown in three-dimensional reciprocal space, and the summary data are given in the corresponding tables. The calculations were carried out using the screening method of the pseudo potential and finding the polynomial solution of the Schrödinger equation for the energy in the space of wave vectors. A polynomial solution for energy is taken such that it fits up to several eV, depending on the system. Nanoparticles are placed in a cube with concave sides up to 20 Å with periodic boundary conditions. The atomic structure is completely idealized without any deviations, while the absolute value of the force acting on each ion becomes less than 0.005 eV/Å and the energy as a result converges within an error of 0.0001 eV. Integration of the Brillouin zone is performed using only the point G. The configurations of the valence electrons for (Cu) n are chosen so that the state s 2 p 1 (s 2 p 3 ) is present. Figure 1a shows the optimized structure of a cell with one electron (Cu) n with n = 6, 12. Table 1 shows the calculated electron density [13] in the interspheral space, the electron avulsion of the highest occupied atomic orbital level and the transition to the lowest free interspheral space and the energy difference empty and three-dimensional filled cells of (Cu) n nanoparticles. Table 1 . For n = 12, the cell occupied by an electron has a high stability with cubic symmetry (as for Cu 2 O), which is shown in Figure 2 [14] [15] [16] (We also have a spontaneous ordering, but with Cu 2 O. See also for GaAs [17] [18] [19] [20] ). There are two types of coupling, namely, the short-range exchange coupling (1.87 Å) of hexagonal bonds, which have a binding character sp 2 Р е п о з и т о р и й К а р Г У For (Cu) n and Cu 2 O, the three-dimensional filled cell with respect to the electron density lies higher than the empty one [21] , and so all the nanoparticles of the metal and semiconductor-cuprite with n = 16 indicate in favor of the empty cell of the structure (Figure 2a ), but the energy difference between empty and filled cells decreases (see also Table 2 ).
Results
Cu 2 O has a full filled shell, so that it is impossible the existence of the phase instability for the charge transferring. X-ray phase analysis of Cu 2 O films obtained by chemical deposition showed an identity with a single-phase composition of polycrystalline cuprous oxide Cu 2 O obtained by high-temperature oxidation. On the other hand, in the three-dimensional filled cell (Cu) n and (Cu 2 O) n , as shown in Figure 2b , the positions of all the peaks are preserved, but their intensities have sharply decreased. The most intense intensity peaks of (Cu) n were of the order of ρ = 10 27 -10 31 , and for (Cu 2 O) n , they were 1-1.5. The difference between the energies (Cu) n between the filled cells n = 6 and 12 is, however, only 0.186 eV. In the interspheral space (Cu 2 O) n n = 16 in the filled cells, there are two oxygen atoms inside the cell that is bent with a more sp 3 -binding character. Central ions O and Cu 2 bind well in a cell with two 2 ions of O, in the cell, the O ions are optimally connected [13] . Here (Cu 2 O) n also has the largest discontinuity from the uniform increasing of nanoparticles and the optimality decreases for these limits (see Figure 3 and Table 3 ). The structure of the (Cu) n cell with n = 6 and 12 shows an important sp 2 bond with less deformed ones (see Figure 1 for (Cu) n ), analogous to cells n = 16 and 23 for (Cu 2 O) n . However, for (Cu) n and (Cu 2 O) n , empty cells are deformed more and develop a more significant bond sp 3 . This is why filling the cell is more appropriate in these cases, as shown in Figure 2 . There is a large decrease in the electron density ρ (see the Table 3) for n = 23, and this shows that the tendency of the structure of the filled cell becomes much stronger than the case of n = 16. Thus, for n = 12, an increase in the electron density and an energy decrease of 0.1 eV for (Cu) 12 arise in a three-dimensional filled cell. Moreover, (Cu 2 O) 16 shows a remarkable transition to the three-dimensional structure of a filled cell with the highest electronic density ρ (Cu 2 O) 23 and a large discontinuity in the exchange bonds of lengths 1.87, 1.90, and 1.92 Å compared to n = 16. Continued on next page 
Discussion
Using the modeling method described above, we obtain the geometry of Cu nanotubes. The results of the simulation of Cu nanotubes gave their dimensions with averaged dimensions of 10 μm in height, 378 nm in outer diameter, 181 nm in internal diameter, and a wall thickness of about 101 nm. The elemental composition of such nanotubes is 95-98% composed of Cu and 2-5% oxygen. Nanotubes obtained by chemical synthesis correspond to the predicted geometric characteristics (see Figure 4) . Energy-dispersive analysis was used to determine the elemental composition of Cu nanotubes. 
Conclusions
The electron density and the energy include a number of peaks, which corresponds to the transition of the electron to the interspheral space in the cluster. This minimum binding energy corresponds also to the infinite energy of the electron. The peaks are associated with the transition of the electron to the excited neutral state of the cluster, processes of electrons transition from certain shells to the interspheral space. 
